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EDC/NHS 体系将 PEG 固定于 PS 微球表面，并利用流式细胞仪、电导滴定和考马
斯亮蓝法从不同角度评价改性效果。流式细胞仪检测结果证实 PEG 改性可以减少
约 60%的非特异性蛋白吸附。电导滴定表明实验中获得的微球表面 PEG 最高含量



























果达到了 13.8 ng/cm2，比前一章中 64.1 ng/cm2 的最低值又下降了约 78.4%。 
第四章研究基于原子自由基转移聚合原理（ATRP）的微球表面聚合固定丙烯
酸聚乙二醇酯（PEGMA）。选用 EDC/NHS 体系与 DCC 两种脱水剂将聚合引发剂
2-溴代异丁酸固定于氨基 PS 微球表面，再在 Cu(I)-联吡啶体系的催化作用下，以






















Surface modification of the substrates applied in the biochip analysis helps 
suppress nonspecific protein adsorption as well as improve the sensitivity and detection 
limit of trace analytes, and thus is of importance in biochip analysis. Polyethylene 
glycol (PEG) is a widely-used reagent for the depression of protein adsorption. The 
resistant ability and biological compatibility of PEG arises from its special physical and 
chemical nature, and it is generally acknowledged as the core substance for the building 
of biologically compatible materials. This paper, aiming at suppressing protein 
adsorption of polystyrene microbeads for sensitive detection of tumor markers in the 
human serum, focuses on the surface modification on the microbeads. The study 
contains four parts as follows:  
In the first chapter, we introduced the basic principles of liquid chip and methods 
of suppressing protein adsorption.We stated the phenomenon of nonspecific adsorption, 
development of strategies to decrease adsorption and material basis of these strategies. 
Poly Ethelyne Glycol (PEG) was then illustrated to elaborate the structure features that 
endow it with great adsorption resistance, different strategies of PEG introduction on 
the surfaces of various matrix, and methods in enhancing PEG immobilization including 
“Grafting to” strategy and “Grafting from” strategy. Finally our research stratagy was 
proposed based on previous lab work on the polystyrene microbeads.  
In the second chapter surface modification using single kind of PEG was studied. 
“Grafting to” strategy was adopted, in which amino-ended PEG was immobilized on the 
surface of carboxyl PS microbeads. Qualitatively and quantitatively measurement of the 
existence of PEG and resistance of protein adsorption were investigated. PEG-modified 
PS microbeads have up to 86.8% lower nonspecific adsorption than unmodified PS 
microbeads. The modified microbeads were applied for the immuno-detection of 
Alpha-fetoprotein. Lower detection limit and better performance in detecting trace 















In the third chapter surface modification using two kinds of PEG with long and 
short chains was studied to improve the surface ability of protein resistance. We 
designed different reaction routes and investigated their reaction conditions. The amount 
of nonspecific protein adsorption on the substrates after modification was measured by 
UV-Vis spectrometry. The results showed that higher performance of protein resistance 
on the solid surface was acquired from the two-step modification than other methods. A 
competitive mechanism of reaction was proposed to elucidate the interaction between 
distinct PEGs on the substrates. After combined PEG modification PS microbeads 




 It was only 21.6% of nonspecific 
adsorption of the single-chain-modified PEG-microbeads. 
In the fourth chapter, instead of using “Grafting to” strategy, surface 
polymerization on the microbeads based on the theory of ATRP was studied. Different 
dehydraters were used for fixing the intiator on the surface of amino polystyrene 
microbeads, and PEGMA was successfully fixed on the surface through the “Grafting 
from” strategy using Cu(I)-Bipy combination in the ATRP catalyzing system. X-ray 
photoelectron spectroscopy and scanning electron microscope were utilized to analyze 
surface elemental data and surface appearance. The results showed that, after the surface 
polymerization, the amount of BSA adsorbed on the surface-modified beads was much 
less than that amount on original beads.  
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